CATHETER SHAFT HAVING VARIABLE THICKNESS LAYERS 
g AND METHOD OF MAKING 

BACKGRQUMn np THE INVFMTinM 

This invention generally relates to catheters, and particularly 
intravascular catheters for use in percutaneous transluminal coronary 
angioplasty (PTCA) or for the delivery of stents. 
10 In a typical PTCA procedure, a dilatation balloon catheter is 

advanced over a guldewire to a desired location within the patient's 
coronary anatomy where the balloon of the dilatation catheter is positioned 
within the stenosis to be dilated. The balloon is then inflated with 
radiopaque liquid at relatively high pressures (generally 4-16 atmospheres) 
15 to dilate the stenosed region of the diseased artery. One or more inflations 
may be needed to effectively dilate the stenosis. 

in such angioplasty procedures, there may be restenosis of the 
artery, i.e. reformation of the arterial blockage, which necessitates either 
another angioplasty procedure, or some other method of repairing or 
20 strengthening the dilated area. To reduce the restenosis rate and to 
strengthen the dilated area, physicians frequently implant an intravascular 
prosthesis, generally called a stent, inside the artery at the site of the 
lesion. Stents are usually delivered to a desired location within a coronary 
artery in a contracted condition on a balloon of a catheter which is similar in 
25 many respects to a balloon angioplasty catheter, and expanded to a larger 
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diameter by expansion of the balloon. The balloon is deflated to remove 
the catheter and the stent left in place within the artery at the site of the 
dilated lesion. 

An essential step in effectively performing a PTCA procedure is 
5 properly positioning the balloon catheter at a desired location within the 
coronary artery. To properly position the balloon at the stenosed region, 
the catheter must have good pushability and flexibility, to be readily 
advanceable within the tortuous anatomy of the patient's vasculature. 
Conventional catheter shafts may typically include multiple shaft sections 
10 having different flexibilities along the length of the catheter to improve the 
maneuverability of the catheter. A variety of methods have been used to 
form shafts having sections with variable flexibility, including forming 
multilayered shafts having transition sections in which a first layer tapers to 
a larger thickness as a second layer tapers inversely to a smaller 
1 5 thickness. One difficulty has been controlling the changes in the thickness 
of the first layer and second layer. Insufficient control, resulting in 
disadvantageously abrupt or gradual changes in the proportions of a first 
and second polymer, may result from conventional coextrusion systems, 
such as those using on/off valves to control the flow of the polymers 
20 making up the two layers. U.S. Patent No. 5.725.814 (Harris), incorporated 
by reference herein in its entirety, discloses a coextrusion apparatus having 
gear pumps at the output ends of multiple extruders. The gear pumps are 
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used to vary the relative amount of the polymers extruded and to thus form 
an extruded tube having multiple layers, the proportions of which vary 
along the length of the extruded tube. 

What has been needed is a catheter which is highly trackable within 
5 the patient's anatomy, with improved flexibility and pushability. 

SUMMARY OF THE INVENTION 

This invention is directed to a catheter having a shaft with at least 
two variable layers, wherein the relative proportions of the two layers 
10 change along at least a section of the multilayered shaft. The catheter 
shaft includes a section having a first layer tapering to a decreased 
thickness, and a second layer inversely tapering to an increased thickness, 
referred to herein as a cotapered transition section. The term inversely 
tapering should be understood to mean the second layer tapers in an 
15 opposite direction to the taper of the first layer. In one embodiment, the 
shaft has one or more tapered outer and/or inner surfaces in addition to the 
cotapered transition. The tapered outer or inner surface section of the 
shaft is typically longitudinally displaced from the cotapered transition 
section and may be directly adjacent to the cotapered transition section. In 
20 a presently preferred embodiment, the shaft having a cotapered transition 
section is coextruded. Another aspect of the invention includes a method 
of making a shaft having a cotapered transition section. The shaft of the 
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invention provides improved transitions between shaft sections, to thereby 
change characteristics such as the shaft stiffness along the length of the 
catheter. 

In one embodiment of the invention, the catheter shaft has a first 
5 longitudinal section having a cotapered transition section with a first layer 
having a tapered surface and a second layer having an inversely tapered 
surface, and a second longitudinal sec«on with a tapered outer diameter. 
One Of the first or the second layers has a tapered inner surface and a 
tapered outer surface in the second longitudinal section of the catheter 
10 Shaft, and one of the first or second layers has a substantially constant wall 
thickness in the second longitudinal section of the catheter shaft. The first 
longitudinal section may be proximal or distal to the second longitudinal 
section, and the first layer may be an inner layer or an outer layer relative 
to the second layer. 

1 5 In another embodiment of the invention, the catheter shaft has a first 

longitudinal section having a cotapered transition section with a first layer 
having a tapered surface and a second layer having an inversely tapered 
surface, and a second longitudinal section with a tapered outer diameter 
and with the first layer having a substantially constant wall thickness from 

20 at least a portion of the second longitudinal section to the distal end of the 
catheter shaft. In a presently prefen-ed embodiment, the first longitudinal 
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section is proximal to the second longitudinal section, and the first layer is 
an inner layer relative to the second layer. 

In another embodiment, the catheter shaft has a first longitudinal 
section having a cotapered transition section with a first layer having a 
5 tapered surface and a second layer having an inversely tapered surface, 
and a second longitudinal section distal to and directly adjacent to the first 
longitudinal section, with a tapered outer diameter and with the first layer 
having an outer surface tapering distally to a smaller outer diameter and 
the second layer having an outer surface tapering distally to a smaller outer 
3 diameter. The first longitudinal section may be proximal or distal to the 
second longitudinal section, and the first layer may be an inner layer or an 
outer layer relative to the second layer. The first and second layers may be 
extend along the entire length of the shaft, or may have a proximal end 
and/or a distal end which terminate between the proximal and distal ends 
of the shaft. 

In one embodiment, the catheter is a balloon catheter generally 
including an elongated shaft having a cotapered transition section in 
accordance with the invention and a balloon secured to a distal portion of 



the shaft. 



A method of making an elongated multilayered catheter shaft having 
at least a first layer and a second layer and having a cotapered section in 
which the first layer tapers from a larger wall thickness to a smaller wall 



Docket No. 25141-1750 



thickness and tt,e second layer inversely .apers from a smaller wall 
thickness to a larger wall thickness, includes extruding the first layer from 
an extruder having a first pump at an output end thereof, and extruding the 
second layer from a second extruder having a second pump a, an output 
6 end thereof. The firs, and second pumps are preferably gear pumps. The 
first and second layers are preferably coextruded through a coextrusion die 
downstream from the first and second extruders and first and second gear 
pumps. The direction of the first pump, e.g., the rotation of the first gear 
pump, is reversed to at least in par, fom, the tapered surface in the first 
10 layer, and the speed of the second pump is increased from a firs, speed to 
a second speed to form the Inverse taper in *e second layer. As a result 
of temporarily setting the first gear pump into reverse rotation, plastic 
pressure is removed from the layer being tapered, and the time required to 
taper the first layer from the larger ,o the smaller wall thickness Is 
15 advantageously reduced, to thereby produce a tailored, shorter transifion. 
In one embodiment, fomiing the cotapered section includes temporarily 
speeding up the speed of the second gear pump from a first speed to a 
second speed which Is greater than the steady state third speed used to 
form a secBon of the shaft after the cotapered section, to thereby reduce 
20 the time required to taper the second layer from the smaller wall thickness 
to me larger wall thickness. THus, In one embodiment, a section of the 
Shaft, Which is adjacent and distal to the cotapered section, Is fom^d by 
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decreasing tt,e speed of the second gear pump from ,he second speed 
used ,0 fonn the ootapered section to a third speed greater than the first 
speed used to form a section of the shaft before the ootapered section and 
less than the second speed. The method of the invention provides 
5 improved short transitions v^ing the relative proportions of the first and 
second layers. The tailored short transitions are particularly advantageous 
in distal sections of the catheter shaft, to provide rapid changes in flexural 
modulus of the shaft for improved maneuverability of the catheter in the 
highly tortuous distal vascular anatomy 
10 Preferably, the polymer fomiing the first layer Is different from the 

polymer forming the second layer. The polymer forming the inner layer of 
the ootapered section may have a hardness greater than, less than or 
equal to the hardness of the outer layer. In one embodiment, the viscosity 
Of the polymers used to form the first and second layers is selected to 
15 minimize back pressure between the gear pumps and the die, and more 
specifically to minimize stored pressure energy which leads to long 
transitions. 

The catheter shaft of the Invention has excellent flexibility, 
pushability, and trackability due to the variable layers of the shaft having 
20 improved tapered transifions. The tapered transifions pro^de impraved 
force transmission, cross, and flexibility in the distal end of the catheter, 
and tailoring of ttie catheter shaft characteristics, while avoiding the 
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■noreased pro«,e and increased risk of kinKing in oonvenHonal fusion or 
adhesion junctions used ,o secure separate shaft sections together The 
catheter shaft of the invention avoids significant negaHve effects on 
infla«on/deflat,on time caused by disadvantageous decreases in the size of 
5 the Shaft ,un,en(s) at bonded junctions. Additionaliy, one embodiment of 
the invention involves providing a catheter shaft having a tailored, short 
transition, providing improved rapid changes in the shaft flexural moduius 
While avoiding disadvantageousiy abmp, transitions. These and other 
advantages of the invention ^il become more apparent from the follov«ng 
0 detailed descrip«on when taken in conjuncfton v«th the accompanying 
exemplary drawings. 



BRIEF DESnptPTION pp thc nD/^yyi^m^ 

Fig. 1 is an elevational view, partially in section, of a balloon catheter 
which embodies features of the invention. 

Fig. 2 is an enlarged longitudinal cross sectional view of the catheter 
shown in Fig. 1, taken ™thin circle 2, illustrating a shaft sec«on having a 
proximal longitudinal section with cotapered inner and outer layers, and a 
distal longitudinal section with a tapered outer diameter and the inner layer 
having a tapered inner surface and a tapered outer surface and the outer 
layer having a substantially constant wall thickness in the distal longitudinal 
section. 
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Fig. 3 is a transverse cross-section of the catheter shaft section 
shown in Fig. 2, taken along line 3-3. 

Fig. 4 is an enlarged longitudinal cross sectional view of another 
embodiment of a catheter shaft which embodies features of the invention. 
5 illustrating a shaft section having a proximal longitudinal section with 
cotapered inner and outer layers, and a distal longitudinal section with a 
tapered outer diameter and the inner layer having a substantially constant 
wall thickness in the distal longitudinal section and the outer layer having a 
tapered inner surface and a tapered outer surface in the distal longitudinal 
10 section. 

Fig. 5 is an enlarged longitudinal cross sectional view of another 
embodiment of a catheter shaft which embodies features of the invention, 
illustrating a shaft section having a proximal longitudinal section with a 
tapered outer diameter and with an inner layer having a tapered inner 

15 surface and a tapered outer surface and the outer layer having a 
substantially constant wall thickness in the proximal longitudinal section, 
and a distal longitudinal shaft section with cotapered inner and outer layers. 

Fig. 6 is an enlarged longitudinal cross sectional view of another 
embodiment of a catheter shaft .which embodies features of the invention. 

10 illustrating a shaft section having a proximal longitudinal shaft section with 
cotapered Inner and outer layers, and a distal longitudinal shaft section with 
a tapered outer diameter, the first layer having a substantially constant wall 
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thicKness fro. a .ocation on «,e distal ,ongiWna, section to the dista. end 
Of the multilayered shaft. 

Rg. 7 is an enlarged longitudinal cross sectional view of another 
embodiment of a catheter shaft which embodies features of the inventa 
5 >"ustra.lng a shaft secUon having cotapered inner and outer layers the 
inner layer having a distal end proximal to the distal end of the outer layer 
and the outer layer having a proximal end distal to the proximal end of the 
inner layer. 

Fig. 8 is a schematic block diagram of a co-extrusion apparatus 
» useful in extruding polymeric tubes according to a method which embodies 
features of the invention. 

<=<9. 9 is a graph of gear pump speed versus time useful in extruding 
polymeric tubes according to a method which embodies features of the 
invention, in which the first gear pump exta,ding the first layer being 
tapered from thick to thin is temporarily reversed. 

Fig. 10 is a graph of gear pump speed versus time useful in 
extruding polymeric tubes according to a method which embodies features 
Of the invention, in which the second gear pump extruding the second layer 
being tapered from thin to thick is temporarily sped up beyond the steady 
state operating speed of the pump used to fom, a section of the shaft after 
the cotapered section. 
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Fig. 11 is an enlarged longitudinal cross sectional view of another 
embodiment of a catheter shaft which embodies features of «,e invention 
having cotapered inner and outer laye. fom,ed according to a method 
which embodies features of the invention. 
5 Fig. 12 is an schematic block diagram of a co^xtrusion apparatus 

having an extended flow divider useful in extruding poiymeric tubes 
according to a method which embodies features of the invention. 

DETAILED PFSCRIPTIOM nc tuc iMypnTintl 
10 Fig. 1 illustrates an intraluminal catheter 10 which embodies features 

of the invention, generally compdsing an elongated shaft 11 having a 
proximal end 12 and a distal end 13. Catheter 10 is a balloon catheter 
having a balloon 15 secured to a distal portion of the shaft 11. m tt,e 
embodiment illustrated in Fig. 1, the shaft 11 comprises an outer tubular 
15 member ,6 defining in part an inflation lumen 17 (Fig. 2), and an inner 
tubular member 18 disposed within the outer tubular member and defining 
a guidewire lumen 19 (Fig. 2) configured to slidably receive a guidewire 24. 
In the illustrated embodiment, the coaxial relationship between outer 
tubular member 16 and inner tubular member 18 defines annular infiation 
20 lumen 17. Balloon ,5 has a proximal end sealingly secured to the distal 
end Of outer tubular member 16 and a distal end sealingly secured to the 
distal end of inner tubular member 18, so that its inflatable interior 21 is in 
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fluid communication with inflation lumen 17. Adapter 22 at the proximal 
end of the shaft 11 is configured to direct inflation fluid through arm 23 into 
inflation lumen 17, and provide access to guidewire lumen 19. In 
accordance with the invention, at least a section of the catheter shaft 11 
5 has section hereinafter refen-ed to as a cotapered section with a first layer 
26 having a tapered surface and a second layer 27 having an inversely 
tapered surface. Fig. 2, illustrates an enlarged longitudinal cross section of 
a distal portion of the catheter 10 shown in Fig. 1, taken along lines 2-2. 
Figs. 4-7 illustrate alternative embodiments of a cattieter shaft which 
10 eml)odies features of flie invention. 

In the embodiment illush-ated In Fig. 2, the shaft 11 has a first layer 
26 Which is an inner layer, and a second layer 27 which is an outer layer. 
The shaft section 30 of the shaft 11 Illustrated in Fig. 2 has a first 
longitudinal section 32, a second longitudinal section 34, and a thirt 
15 longitudinal section 36. In the embodiment illustrated in Fig, 2, the shaft 
section 30 is a section of the outer tubular member 16. However, the shaft 
section 30 may be used in a variety of shaft designs including a section of 
inner tubular member 18, or a section of an extruded single, dual or 
multilumen lumen shaft. Fig. 3 illusti^tes a transverse cross sectional view 
20 Of the Shaft 11 shown in Fig. 2, taken along line 2-2. In the shaft first 
longitudinal section 32 the inner and outer layers 26/27 cotaper, so that the 
inner layer has a tapered surface and the outer layer 27 has a surface 



12 

Docket No. 25141-1750 



tapering inversely thereto. The first longitudinal section 32 is proximal to 
second longitudinal section. The second longitudinal section 34 has a 
tapered outer diameter. Thus, in the embodiment illustrated in Fig. 2, the 
distal end of the first longitudinal section 32 is at the location on the shaft 
where the outer diameter of the shaft begins to taper. In the second 
longitudinal section 34. the inner layer 26 has a tapered inner surface and 
a tapered outer surface, and the outer layer 27 has a substantially constant 
wall thickness. In the embodiment Illustrated in Fig. 2. the shaft 11 
includes third longitudinal section 36 distal to the second longitudinal 
section 34 with the inner layer 26 and outer layer 27 cotapering. The third 
longitudinal section 36 has a substantially constant outer diameter less 
than the outer diameter of the first longitudinal section 32. 

In the embodiment illustrated in Fig. 4, the first longitudinal section 
32 of the catheter shaft, having cotapered first and second layers 26/27. is 
proximal to the second longitudinal secfion 34 having a tapered outer 
diameter. The first layer 26 Is an inner layer, and the second layer 27 is an 
outer layer. In the second longitudinal section 34, the outer layer 27 has a 
tapered inner surface and a tapered outer surface, and the inner layer 26 
has a substantially constant wall thickness. In the embodiment illustrated 
in Fig. 4, the shaft 1 1 includes an intermediate shaft section 38 between 
and directly adjacent to the first and second longitudinal sections 32/34 of 
the catheter shaft, having a constant outer diameter. In the embodiment 
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illustrated in Fig. 4, the inner surface of the outer layer 27 and the outer 
surface of the inner layer 26 are not tapered in the intermediate section 38, 
so that the intemiediate section 38 has a constant interfacial diameter 
between the inner and outer layers 26/27. It should be understood that, as 
discussed above in relation to the embodiment shown in Fig. 2. the shaft 
section 30 illustrated in Fig. 4 and in the remaining figures may be used in 
a variety of shaft designs, as a sec«on of an inner and/or outer tubular 
member, or a section of an extmded single, dual or multilumen lumen 



shaft. 

10 



In the embodiment illustrated in Fig. 5, the first longitudinal section 
32, having cotapered first and second layets 26/27, is distal to the second 
longitudinal sectton 34, having a tapered outer diameter. The first layer 26 
is an inner layer, and the second layer 27 is an outer layer. In the second 
longitudinal section 34, the inner layer 26 has a tapered inner surface and 
15 a tapered outer surface, and the outer layer 27 has a substantially constant 
wall thickness. In the embodiment illustrated in Fig. 5, the shaft 11 
includes an lntem,ediate section 40 between the first longftudinal section 
32 and the second longitudinal section 34, with inner and outer layers 
26/27 having a constant interfacial diameter in the intemiediate section 40. 
20 Thus, in the embodiments illustrated in Figs. 2, 4 and 5, the catheter 

shaft 11 comprises a shaft section 30 having a first longitudinal section 32 
With a first layer 26 having a tapered surface, and a second layer 27 having 
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an inversely tapered surface, and a second longitudinal section 34 with a 
tapered outer diameter, one of the first or the second layers 26/27 having a 
tapered inner surface and a tapered outer surface in the second 
longitudinal section 34. and one of the first or the second layers 26/27 
5 having a substantially constant wall thickness in the second longitudinal 
section 34. 

In an alternative embodiment of the invention illustrated in Fig. 6, the 
shaft comprises a first longitudinal section 42 with cotapered first and 
second layers 26/27. and a second longitudinal section 44 with a tapered 

10 outer diameter. In the embodiment illustrated in Fig. 6. the first longitudinal 
section 42 is proximal to the second longitudinal section 44. The first layer 
26 is an inner layer, and the second layer 27 is an outer layer. In the 
second longitudinal section 44. the first layer 26 has a substantially 
constant wall thickness from at least a portion of the second longitudinal 

15 section preferably to an end of the multilayered shaft 11. In the 
embodiment illustrated in Fig. 6. the first longitudinal section 42 has a 
substantially constant outer diameter. In the embodiment illustrated in Fig. 
6, an intermediate section 46 having a constant outer diameter and a 
constant interfacial diameter between the inner and outer layers 26/27 is 
20 provided between first longitudinal section 42 and second longitudinal 
section 44. and a proximal tapered section 47 having a tapered outer 
diameter is provided proximal to the cotapered first longitudinal section 42. 
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In the embodiment illustrated in Fig. 6, an inner liner 48 on an inner 
surface of the first layer 26 defines the inner lumen of the shaft 1 1 outer 
tubular member 16. Preferably, the inner liner 48 is a lubricious material, 
such as HOPE or a fluoropolymer such as teflon. Although illustrated as an 
5 inner liner on an outer tubular member, the inner liner 48 may be provided 
on a Shaft section defining a lumen configured for slidably receiving 
member, such as guidewires, mandrels, and diagnostic or therapeutic 
instruments therein, to facilitate advancement of such member, therein In 
the illustrated embodiment, the liner 48 has a substantially constant wall 

0 thickness. 

In an alternative embodiment illusti^ted in Fig. 7, the shaft comprises 
a first longitudinal section 52 with cotapered first layer 26 and second layer 
27, and a second longitudinal section 54 witt, a tapered outer diameter, in 
the embodiment illustrated in Fig. 7, the first longitudinal section 52 is 

1 proximal to the second longitudinal section 54, and the first layer 26 is an 
inner layer and ti,e second layer 27 is an outer layer. In tt,e second 
longitudinal section 54, the inner layer 26 and ttie outer layer 27 each have 
an outer surface tapering distally to a smaller outer diameter. The shaft 
includes a «,ird longitudinal section 56 distal to the second longitudinal 
section 54, with the inner layer 26 and outer layer 27 cotapering in the thim 
longitudinal section 56. The third longitudinal section 56 has a substantially 
constant outer diameter less tt,an the outer diameter of the first longitudinal 
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secHon 52. In the embodiment illustrated in Fig. 7, the first and second 
layers 26/27 do not extend the length of the shaft 11, so that the distal end 
of the first layer 26 is proximal to the distal end of the second layer 27, and 
the proximal end of the second layer 27 is distal to the proximal end of the 
5 first layer 26. Specifically, in the embodiment illustrated in Fig. 7, the distal 
end of the first layer 26 terminates at the distal end of the cotapered third 
longitudinal section 56, and the proximal end of the second layer 
27tem,inates at the proximal end of the cotapered first longitudinal section 
52. In alternative embodiments, the first and second layers are continuous, 
10 extending fl-om the proximal to the distal end of the shaft 11. 

The inner layer may be provided with an inner surface tapering 
distally to a smaller inner diameter, such as the inner layer 26 illustrated in 
Figs. 2, 4, 5 and 7 having the inner layer tapering distally in the second 
longitudinal section 34/54 of the shaft. Altemaflvely the inner layer 26 may 
1 5 have a substanflally constant inner diameter. The temiinology substantially 
constant should be understood to mean that the diameter of the shaft or 
wall thickness of the individual layer of the shaft is not intentionally tapered 
and is therefore constant within the tolerances of the method used to form 
the member. Thus, for an extruded shaft section, the substantially constant 
20 outer diameter of an individual layer preferably varies by not more than 
about ± 0.001 inch, and the substantially constant wall thickness of an 
individual layer preferably varies by not more than about ± 0.0005 inch. 
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The first layer 26 ar,d the second layer 27 may be formed of a variety 
of suitable polymeric materials dependi,^ on the configuration of the shaft 
and the desired use and characteristics of the shaft, m a presently 
prefen^ embodiment, the first and second layers 26/27 are formed of 
5 polymeric materials having different characteristfcs such as Shore 
Durometer hardness, softness, and lubricity. In one embodiment, the 
polymeric material which is present in a larger relative proportion in the 
distal Shaft secBon than in the pro»mal shaft section, such as the outer 
layer in the embodiment of Fig. 2, is formed of a polymeric material having 
10 a lower Shore Durometer hardness than the polymeric material forming the 
other layer, to thus provide a relatively flexible distal shaft section. 
Presently preferred polymeric materials used to form the outer layer in the 
embodiment of Fig. 2 include polyamides such as nylon, polyamide block 
copolymers such as Pebax (polyelher block amide), polyethylene based 
15 adhesives such as PRIMACOR, polyolefins, low density polyethylene 
(LDPE), high density polyethylene (HOPE), polyurBthane, and polyesters 
such as HYTREL or ARNITEL. PresenUy preferred polymeric materials 
used to fomi the outer layer in the embodiment of Fig. 2 have a Shore 
durometer hardness of about 90A to about 70D, preferably about SOD to 
20 about 60D. However, the choice of material depends on a variety of 
factors including the desired applicaBon and the method used to make the 
shaft. In one presently prefen-ed embodiment, the inner layer is a 
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lubriclous materia., ,o Mtate advancement of membe. such as 
guidewires therein. However, a thin lubricious liner on an inner surface of 
the inner layer may be used to provide the desired lubricity to the wall 
defining the inner lumen of the shaft. Presently preferred polymeric 
5 materials used to fom, the inner layer in the embodiment of Fig. 2 include 
polyamide block copolymers such as Pebax, polyurethanes, polyesters 
such as HYTREL or ARNITEL, and polyolefins such as HOPE. Presently 
preferred polymeric materials used to fom, the inner layer in the 
embodiment of Fig. 2 have a Shore durometer hardness of about 60D to 
10 about 82D. In one embodiment, the polymeric materials used to form the 
iriner and outer layers are compatible, and can be heat bonded together. 

Fig. 8 illustrates an apparatus 60 useful in a method of making a 
cotapered section which embodies features of the invention. Apparatus 60 
generally comprises a, least two extruders 62, each extruder having a 
15 pump 64, Which in a presently preferred embodiment is a gear pump, at an 
output end of the extoider 62. A coextrusion cross-head 66 with a 
coextri-sion cross-head die is at the output end of each gear pump 64. 
Additbnal extruders 62 and corresponding gear pumps 64 can be provided 
it a catheter shaft ha^ng more than two coextruded cotapered layers are 
20 desired. A control system (not shown) is provided to control the extruders 
and pumps. The gear pumps are used to vary the relative amount of the 
polymers extruded ,o fom, a cotapered section. In one embodiment of the 
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invention, a gear pump 64 is temporarily set into reverse rotation to fomi 
the cotapered layer tapering from a larger wall thickness to a smaller wall 
thickness. In another embodiment, a gear pump 64 is temporarily sped up 
beyond the steady state operating speed of the gear pump to form the 
5 cotapered layer tapering from a smaller wall thickness to a larger wall 
thickness. A method of making an elongated multilayered catheter shaft, 
generally comprises extruding a first layer from an extruder having a first 
gear pump at an output end thereof, and coextruding a second layer with 
the first layer from a second extruder having a second gear pump at an 
10 output end thereof. Fig. 11 illustrates an elongated shaft 70 formed 
according to a method of the invention, having a first layer 26. a second 
layer 27, a cotapered section 71, a proximal section 72 and a distal section 
73. Cotapered section 71 of the shaft is formed by reversing the rotation of 
the first gear pump 64 to at least in part form the taper in the first layer 26 
15 tapering from a greater wall thickness to a smaller wall thickness. Thus, 
the speed of the first gear pump 64 in the fon^^ard direction is reduced to 
zero and then the speed in the reverse direction is increased to a value 
greater than zero. The speed setting of the first gear pump 64 in the 
reverse direction may be less than, equal to. or greater than the speed 
20 setting of the first gear pump in the forward direction. The outer or inner 
tapered surfaces of the shaft, such as the tapered outer surface of the 
outer layer 27 in the second longitudinal section 34 in the embodiment of 
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as 

es 



Fig. 2 can be formed using conventional tapering methodology such 
increasing the speed of the puller (not shown) which draws or elongat 
the extrudate exiting the die 66. 

Conventional details regarding the configuration of the co-extrusion 
5 apparatus 60 used in the method of the invention, including the functioning 
of the extruders and the relative operation of the apparatus components 
can be found in U.S. Patent No. 5.725.814. previously incorporated by 
reference. 

The thickness of the first layer 26 and the second layer 27 in the 
10 proximal shaft section 72 and the distal shaft section 73 will depend on the 
materials used to form the shaft and the desired use and characteristics of 
the shaft. In one embodiment, the hardness of the polymer forming first 
layer 26 (the inner layer in Fig. 11) Is greater than the hardness of the 
polymer forming the second layer 27 (the outer layer in Fig. 11). which in 
15 the embodiment illustrated in Fig. 11 provides a relatively more flexible 
distal shaft section and a relatively less flexible proximal shaft section. 
However, in altemative embodiments the first layer 26 may be formed of a 
polymeric material having a hardness less than the hardness of the second 
layer polymeric material. Additionally, reinforcements, such as braided or 
20 wound metal or polymer members may be provided in one or more 
sections of one or more of the layers. 
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Fig. 9 is a graph of the gear pump 64 speed versus time, useful In a 
method whioh embodies features of the inventior, in which the first gear 
pump 64 is temporarily reversed to extrude the first layer 26 being tapered 
from thick to thin in the cotapered section. For Illustration purposes, the 
5 method Will be discussed In tem,s of the embodiment of the catheter shaft 
illustrated in Fig. 11 where catheter shaft 70 has at least fli^t layer 26 
(hereafter the inner layer) and second layer 27 (hereafter the outer layer) 
and a co-tapered section 71 In which the Inner layer tapers distally to a 
smaller wall thickness and the outer layer tapere inversely to the taper of 
10 the first layer, although the method can be used to form a variety of shaft 
designs embodying features of the Invention. The inner layer comprises a 
first polymer fomied of, for example, nylon, HOPE, or HYTREL, having a 
Shore durometer hardness of about 60D to about 82D. and the outer layer 
comprises a second polymer formed of, for example, Pebax, LORE, or 
HYTREL, having a Shore durometer hardness of about 55D to about 63D. 
in one embodiment, the Inner and outer layers are compatible materials, so 
that the outer layer is Pebax when the Inner layer Is nylon, or LDPE when 
the Inner layer Is HOPE, or HYTREL when the inner layer is HYTREL. The 
proximal shaft section 72 Is made by extruding first polymer from the first 
extmder 62 at a temperature between about 300°F to about 600°F with the 
first gear pump In the fbmard direction at a speed of about 2 rpm to about 
60 rpm, preferably about 5 rpm to about 7 rpm, for about 0.5 seconds to 
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about 20 seconds, preferably about 1 second to about 3 seconds, and at 
the same time coextruding second polymer from the second extruder 62 at 
a temperature between about 300T to about eoo^F with the second gear 
pump in the forward direction at a speed of about 0.25 rpm to about 10 
5 rpm. preferably about 0.25 rpm to about 0.75 rpm. for about 0.5 seconds to 
about 20 seconds, preferably about 1 second to about 3 seconds, to form 
inner and outer layers 26/27. respectively, in the proximal section 72 of the 
shaft. The gear pump may be set to a speed of about 0 rpm to taper the 
layer to a zero thickness, or to merely decrease the thickness of the layer 
10 without tapering to a zero thickness when the extruded material does not 
quickly reflect the zero rpm pump setting. To form the cotapered section 
71 of the shaft, the rotation of the first gear pump 64 is reversed, so that 
the first gear pump ramps down to a negative speed setting of about -1 
rpm to about -10 rpm in about 0.1 seconds to about 2 seconds (i.e., ramps 
15 down at a rate of about 100 rpm/seconds) to form the taper in the inner 
layer 26 of the cotapered section 71. and the second gear pump ramps up 
to a speed of about 2 rpm to about 60 rpm. preferably about 2 rpm to about 
20 rpm, in about 0.1 seconds to about 2 seconds, preferably about 0.1 
seconds to about 0.2 seconds to form the taper in the outer layer 26 of the 
20 cotapered section 71 . The first gear pump is typically held at the negative 
speed setting for about 0.25 seconds to about 1 second, before being set 
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in a foHA/ard rotation of about 0 rpm to about 10 rpm. preferably about 0.25 
to about 0.75 rpm. to form the inner layer 26 of the distal shaft section 73. 

In the embodiment illustrated in Fig. 9. the speed of the second gear 
pump 64 is increased to a speed setting of about 2 rpm to about 60 rpm. in 
5 about 0.1 seconds to about 2 seconds, to form the outer layer in the 
cotapered section 71. and the outer layer 27 of the distal shaft section 73 is 
formed once the second gear pump reaches that increased steady state 
speed setting. In an alternative embodiment shown in Fig. 10. illustrating a 
graph of the gear pump speed versus time, the speed of the second gear 
10 pump is temporarily set to a greater speed of about 10 to about 100 rpm for 
about 0.25 seconds to about 1 second to form the outer layer of the 
cotapered section 71. and thereafter decreased to the steady state speed 
of about 2 rpm to about 60 rpm, preferably about 5 rpm to about 7 rpm. to 
form the outer layer of the distal shaft section 73. The proximal shaft 
1 5 section inner layer 26 has a thickness of about 0.0025 inch to about 0.004 
inch, and the proximal shaft section outer layer 27 has a thickness of about 
0.0005 inch or about 0.001 inch to about 0.002 inch. The distal shaft 
section inner layer 26 has a thickness of about 0.0025 inch to about 0.004 
inch, and the distal shaft section outer layer 27 has a thickness of about 
20 0.0005 inch or about 0.001 inch to about 0.002 inch. The length of the 
cotapered section 71 is about 5 inch to about 30 inch (13 cm to about 76 
cm), and more specifically about 10 inch to about 15 inch (25 cm to about 
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38 cm), and preferably about 5 inch to about 10 inch. The length of the 
distal shaft section is typically about 12 inch to about 15 inch, and the 
length of the proximal shaft section is typically about 40 inch to about 45 
inch. Upon exiting from the extrusion die 66, the extrudate 70 is typically 
5 quenched in a water bath, and may be further processed by conventional 
extrusion processing metliods. 

In one embodiment, the viscosity of the polymers used to form the 
first and second layers 26/27 is selected to minimize back pressure 
between (he gear pumps 64 and the die 66. More specifically, the polymer 
10 forming the inner layer and the polymer fom,ing the outer layer each have 
a relatively high melt flow index. ConsequenUy, in one embodiment, 
shorter cotapered sections 71 are formed due to the decreased time 
required to release molten polymer compressed enew following changes 
in the gear pump settings during extrusion of the cotapered section. In a 
15 presently preferred embodiment, the inner layer polymer has a melt flow 
index of about 10 to about 20 grams/10 minutes, and preferably about 12 
grams/10 minutes, and the outer layer polymer has a melt flow index of 
about 10 to about 20 grams/10 minutes, and preferably about 12 grams/10 
minutes. The melt flow index of the polymer forming the inner layer may 
20 equal to or different from the melt flow index of the polymer fomiing the 
outer layer. As a consequence of the relativeV high melt flow Index of 
about 10 to about 20 grams/10 minutes, the polymer has a relatively low 



25 

Docket No. 25141-1750 



melt viscosity. The melt flow Index is an inherent property of the polymer 
material which depends upon characteristics such as the molecular weight 
of the material. Exemplary polymeric materials having a melt flow index of 
about 1 0 to about 20 grams/1 0 minutes include polyolefins. 
5 In one embodiment, the extrusion apparatus is provided with an 

extended flow divider. Figure 12 illustrates extended flow divider 80. which 
separates the flow of the first polymer 81 from the second polymer 82 
upstream of the die 83. and which extends closer toward the die exit than 
does a standard flow divider. In the illustrated embodiment, the extended 
10 flow divider 80 extends to the end of the tapered section of the tip 84. in 
contrast to a standard flow divider which extends only to the interface 
between the unlfomi diameter section of the tip 84 and the tapered section 
of the tip 84. Thus, the extended flow divider 80 reduces the amount of the 
second polymer 82 present where the two polymers 81/82 meet upstream 
of the die 83. such that the first polymer 81 displaces the second polymer 
82 faster than with a standard flow divider, to thereby provide shorter 
cotapered transition lengths. The extended flow divider reduced the 
transition length by about 50% and specifically to about 10 Inches to about 
15 inches, increased the total layer thickness change by about 15%. and 
increased the transition rate by about 80% in a cotapered transition, 
compared with a cotapered transition fomied using a standard flow divider. 
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The dimensions of catheter 10 are determined largely by the size of 
the guidewires to be employed and the size of the artery or other body 
lumen through which the catheter must pass or the size of the stent being 
delivered. Typically, the outer tubular member 16 has an outer diameter of 
5 about 0.02 to about 0.04 inch (0.05 to 0.10 cm), usually about 0.037 inch 
(0.094 cm), an inner diameter of about 0.015 to about 0.035 inch (0.038 to 
0.089 cm), usually about 0.03 inch (0.076 cm). The wall thickness of the 
outer tubular member 16 can vary from about 0.002 to about 0.008 inch 
(0.0051 to 0.0201 cm), typically about 0.003 inch (0.0076 cm). The inner 
0 tubular member 18 typically has an outer diameter of about 0.019 to about 
0.028 inch, usually about 0.021 inch. The overall working length of the 
catheter 10 may range fn^m about 100 to about 150 cm, and is typFcally 
about 147 cm. Preferably, balloon 15 may have a length about 0.5 cm to 
about 4 cm and typically about 2 cm with an inflated working diameter of 
■< about 1 to about 8 mm, and for coronary applications about 1.5 mm to 
about 5 mm. 

To the extent not discussed herein, the various catheter components 
can be fomied of conventional materials. Inner tubular member 18 and 
outer tubular member 16 can be fomied from materials already found 
useful in intravascular catheters such a polyethylene, polyvinyl chloride, 
polyesters, polyamides, polyimides and composite materials. The various 
components may be joined by heat bonding or use of adhesives. 
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The catheter shaft having at least first and second cotapered layers 
in accordance with the invention may be provided with additional layers on 
an inner or an outer surface of the shaft, such as a lubricious inner liner, 
one or more outer stiffening layers, reinforcement layers, and the like, 
coextruded with the first and second layers or separately applied thereto. 

A variety of suitable catheter designs may be used, including rapid 
exchange, over-the-wire, and fixed wire catheter designs. A rapid 
exchange catheter generally includes an inflation lumen extending from the 
proximal end of the catheter shaft to a location spaced proximal to the 
distal end of the catheter shaft, a distal guidewire port in the distal end of 
the catheter shaft, a proximal guidewire port spaced distal to the proximal 
end of the catheter shaft, and a guidewire lumen extending between the 
proximal and distal guidewire ports. Typically, the proximal guidewire port 
is spaced a substantial distance from the proximal end of the catheter shaft 
and a relatively short distance from the distal guidewire port, so that the 
proximal guidewire port is closer to the distal guidewire port than to the 
proximal end of the catheter shaft. 

Although not illustrated, the balloon catheter of the invention may be 
used to deliver prostheses, such as expandable stents, grafts, and the like, 
to a desired location within the patient's vasculature. A stent (not shown) 
comprising an expandable tubular body, typically having an open-walled 
structure, may be mounted on balloon 15. and balloon 15 may be inflated 
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to expand the stent and seat it in the vessel. Additionally, catheter 10 may 
be used to touch up a previously implanted stent by positioning balloon 
within stent lumen and expanding the balloon to further expand the stent 
Within a body lumen. 

5 While the present invention is described herein in tenns of certain 

preferred embodiments, those skilled in the art will recognize that various 
modifications and improvements may be made to the invention without 
departing from the scope thereof. For example, although intermediate 
shaft sections 38/40 are illustrated between the first longitudinal section 32 
10 and the second longitudinal section 34 in some embodiments but not in 
others, it should be understood that such intermediate sections may be 
provided or omitted on any of the embodiments. Although the tapered 
sections are illustrated as straight, linear tapers, the tapers may have a 
variety of suitable shapes including hyperbolic, curved shapes, by 
15 controlling extmsion conditions such as the speed of the gear pumps over 
time over the length of the profile. Additionally, although discussed 
primarily in temis of a catheter shaft, it should be understood that the 
invention can be used for a variety of polymeric tubular members used as 
catheter components such as sheaths, balloon tubes, and the like, 
20 iworeover, although individual features of one embodiment of the invention 
may be discussed herein or shown in the drawings of the one embodiment 
and not in other embodiments, it should be apparent that individual 
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features of one embodiment may be combined with one or more features of 
another embodiment or features from a plurality of embodiments. 
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